Wang resin bound N-fluorenylmethoxycarbonyl (Fmoc) amino acids and dipeptides were efficiently converted into the corresponding N-tert-butoxycarbonyl (Boc) derivatives using two different "one-pot" procedures: potassium fluoride / di-tert-butyl carbonate and potassium fluoride / tert-butyl S-(4,6-dimethylpyrimidin-2-yl) thiolcarbonate.
Introduction
Despite the proliferation of protecting groups, functional group incompatibility remains a key issue in synthetic organic chemistry. 1 The problem is particularly delicate in the design and synthesis of polyfuctional molecules such as peptides, oligosaccharides, glycopeptides, glycolipids, nucleotides, and polyketides. The emergence of solid-phase chemistry 2 has added a new element of complexity due to the different requirements and properties of the two phases. 3 The N-fluorenylmethoxycarbonyl (Fmoc) and N-tert-butoxycarbonyl (Boc) groups are two of the most common protecting groups in solid-phase chemistry, with a large number of building blocks available containing them. 4 They display contrasting chemical stabilities: N-Fmoc is usually cleaved by organic bases whereas N-Boc is stable to bases but removed in acidic medium. The increasing degree of sophistication of the solid-phase chemistry raises the problem of incompatibility of N-Fmoc protection to different reagents. 5 Moreover, N-Boc protecting group has proven to be better than N-Fmoc after five or six steps in the solid-phase synthesis of the "difficult" peptides, since acid deprotection may destroy undesirable β-sheet structures. 6 Therefore, the development of solid- In this publication, we describe the efficient one-pot conversion of Wang resin bound NFmoc amino acids and dipeptides into the corresponding N-Boc derivatives.
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Results and Discussion
Transprotection reactions were carried out combining a base and a tert-butoxycarbonylating reagent. To cleave the Fmoc group we used fluoride ion; which has proven to be very efficient for the non-hydrolytic solution-phase cleavage of Fmoc carbamates.
1, 17 In addition, its presence in the reaction medium should not interfere with the tert-butoxycarbonylation step. We choose the potassium salt since it does not affect ester groups usually unstable in the presence of the generally used tetrabutylammonium fluoride. 10 For reprotection we used three different ready-to-use tert-butoxycarbonylating agents: 1,2,2,2-tetrachloroethyl tert-butyl carbonate, 18 di-tert-butyl dicarbonate, 19 and tert-butyl S-(4,6-dimethylpyrimidin-2-yl) thiolcarbonate (Boc-S). 20 Monitoring reactions represents one of the major drawbacks of solid-phase chemistry. 21 In order to examine the progress of the reaction, we first carried out the transprotection of FmocAla-OMe in solution. Using five equivalents of potassium fluoride and three equivalents of carbonylating agent (1,2,2,2-tetrachloroethyl tert-butyl carbonate or di-tert-butyl dicarbonate) in DMF yielded the Boc-protected product quantitatively in 5-7 hours at room temperature. Interestingly, no free amine was detected by TLC suggesting that deprotection of the amine group is the limiting step of the process rather than the Boc reprotection. Therefore, the amount of unreacted fluorenylmethoxycarbamate present in the reaction mixture can be regarded as an indication of the reaction progress. Consequently, we next carried out the solid-phase transprotection of Fmoc-Phe-Wang resin using the combination potassium fluoride / di-tert-butyl dicarbonate in DMF. The amount of unreacted Fmoc group at different times was determined as "Fmoc loading" in small portions of resin by cleaving the carbamate with piperidine followed by UV quantitation of the resulting piperidine-dibenzylfulvene adduct at 301 nm. 22 In this way, it was possible to estimate the reaction time To corroborate that the deprotected amine had in effect been reprotected in situ as Boccarbamate, the product was detached from the solid support using trimethyltin hydroxide (TMTOH), which produces the selective cleavage of the benzyl ester link to the resin without affecting the tert-butoxycarbamate (Scheme 2). 23, 24 The yield for the entire process (Fmoc deprotection, Boc protection, and cleavage from the solid support) was 95%. In order to evaluate the scope of the reaction, the methodology was applied to the solid phase transprotection of a variety of Wang resin-bound amino acids and dipeptides (Table 1) . Using the combination KF / Boc 2 O, the Fmoc carbamates were smoothly converted into Boc carbamates in high overall yields for the isolated products. Functionalities such as tert-butyl ether, p-methoxybenzyl thioether, and amide were stable to the reaction conditions. No loss of enantiomeric purity was detected after comparing optical rotations of representative products with reported values.
Among the various reagents proposed to effect Boc protection, tert-Butyl S-(4,6-dimethylpyrimidin-2-yl) thiolcarbonate (Boc-S) has been widely recognised as the better alternative to Boc 2 O. In order to test its capability to perform the solid-phase reprotection of the amine group, the same set of Wang resin-bound amino acids and dipeptides were treated with the combination of KF / Boc-S (Table 1) . Yields were similar to those previously achieved with Boc 2 O, indicating that both tert-butoxycarbonylating agents can be used indiscriminately. Again, no sign of racemization was detected.
Despite the promising results in solution-phase studies, our attempts to use 1,2,2,2-tetrachloroethyl tert-butyl carbonate for the solid-phase tert-butoxycarbonylation were unsuccessful. When the Fmoc-Ala-Wang resin was treated through a one-pot procedure with the tamdem KF / 1,2,2,2-tetrachloroethyl tert-butyl carbonate, no Fmoc carbamate was detected on the solid support after 24 h. However, Boc reprotection did not occur and the final detachment of the resin-bound product with TMTOH mainly yielded N-deprotected alanine.
Conclusions
In summary, we describe an efficient methodology for the one-pot conversion of Wang resin bound N-Fmoc amino acids and dipeptides into the corresponding N-Boc derivatives, using two different tert-butoxycarbonylating agents: di-tert-butyl dicarbonate (Boc 2 O) and tert-butyl S-(4,6-dimethylpyrimidin-2-yl) thiolcarbonate (Boc-S). This approach could find applicability not only for those wishing to synthesize peptide residues appropriate to solid-phase peptide synthesis (SPPS), but also in the field of combinatorial chemistry, particularly in the solid-phase synthesis of small molecule libraries. The Boc protecting group has some advantages compared to the Fmoc protecting group due to its stability under basic conditions. Replacement of an Fmoc carbamate by a Boc carbamate could be necessary and a one-pot conversion would facilitate this process by eliminating additional reaction steps.
Experimental Section
General Procedures. NMR spectra were measured in CDCl 3 or DMSO-d 6 at 200 MHz for protons and 50 MHz for 13 C, and recorded on a Bruker AC-200 spectrometer. Infrared spectra were taken on a Beckman AccuLab 8 spectrophotometer. Optical rotations were measured with a Jasco DIP-1000 polarimeter at ambient temperature using a 1-mL capacity cell. UV absorbance was measured on a Beckman DU 640 spectrophotometer. TLC and spectral analyses ( Then, a solution of tert-butyl S-(4,6-dimethylpyrimidin-2-yl) thiolcarbonate (Boc-S) (58.1 mg, 0.284 mmol) in DMF (1 mL) was added. The reaction mixture was stirred until no Fmoc attached to the resin was detected by UV (24 h). The resin was filtered out, washed successively with DMF, HCl 1N, 5% NaHCO 3 , H 2 O, MeOH, AcOEt, CHCl 3 and MeOH, and dried overnight at reduced pressure. The transprotection reaction was monitored by estimating the amount of unreacted Fmoc on the resin expressed as Fmoc loading. Typical procedure. 3-8 mg of resin were filtered out and washed with DMF, HCl 1N, 5% NaHCO 3 , H 2 O, MeOH, AcOEt, CHCl 3 and MeOH. The resin was dried at reduced pressure and accurately weighed out into a measuring flask. 20% piperidine in DMF (25 mL) was added, the resulting mixture was stirred for 20 min and centrifuged. Three readings of the 300nm absorbance of the supernatant were taken and their average was introduced in the following equation to obtain the Fmoc loading of the resin.
UV reading x 25 x 1000 7800 x wt of resin in mg = Fmoc loading in mmol / g of resin Cleavage of Boc protected amino acids and dipeptides Typical procedure. To a stirred suspension of resin (0.22 mmol of Fmoc protected amino acid or dipeptide) in 2.5 mL of (CH 2 Cl) 2 was added TMTOH (0.154 g, 0.56 mmol) at room temperature under nitrogen. The reaction mixture was then refluxed (83°C) for 9 h and the resulting suspension filtered and washed succesively with (CH 2 Cl) 2 , CH 2 Cl 2 , MeOH and AcOEt. The combined organic solution was evaporated to dryness under reduced pressure and the resultant residue was dissolved in 20 mL of AcOEt and washed succesively with diluted aqueous solution of HCl (5 x 6 mL), water (1 x 6) and Brine (1 x 6). Therefore, it was extracted with 5% NaHCO 3 solution (3 x 7 mL), the combined aqueous solution was acidified to pH 3-4 with 2. 
